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The tensile failure of rocks is a common failure mode in rock engineering. Many studies have been conducted on the tensile
strength and failure mode of rocks after high-temperature treatment under dynamic loading. However, research on the effects of
high temperature on the dynamic splitting tensile characteristics of sandstone at actual high temperatures is lacking. To investigate
the dynamic tensile characteristics of rocks at actual high temperatures, split Hopkinson pressure bar (SHPB) test apparatus and
high-temperature environment box were used to perform dynamic splitting tensile tests under six striker velocities for sandstone
specimens at 25°C-800°C. The dynamic splitting tensile strength, radial strain, average strain rate, and failure mode of sandstone
under different test conditions were investigated. Test results revealed that the brittleness of sandstone specimens is enhanced at
200°C and 400°C, but slight ductility is observed at 600°C and 800°C. The strain rate effect of dynamic tensile strength is closely
related to temperature. When the striker velocity exceeds 2.3 m/s, the dynamic radial strain first decreases and then increases with
rising temperature. A quadratic polynomial relationship between the dynamic radial strain and temperature was observed. The
temperature effect on the average strain rate is strong at low striker velocity and weak at high striker velocity. In the dynamic
splitting tensile tests, high-temperature sandstone specimens are split into two semicylinders along the radial loading direction.

1. Introduction

In rock engineering, rock mass lies in a certain hydro-
geological environment. Rock engineering under unfavor-
able hydrogeological condition may lead to some
engineering geology disaster, such as rockburst hazard [1-3],
large deformation, and water inrush hazard [4, 5]. The
temperature of rock mass rises with increasing depth, and
secondary disasters may be induced in rock mass due to high
geothermal situation [6]. Rock mass in deep engineering,
such as superdeep mining, deep disposal of high-level ra-
dioactive nuclear wastes, geothermal resource exploitation,
and underground coal gasification, always suffers from high
geothermal effect [7, 8]. The influence of high geotherm on

rock mechanical characteristics has become a research
hotspot in rock mechanics [9, 10].

Tensile strength is a significant parameter in the design
of geotechnical engineering [11, 12]. Given that rock is a
quasibrittle material, directly measuring its tensile strength
is very difficult. In 1978, the International Society for Rock
Mechanics and Rock Engineering suggested Brazilian disc
test, an indirect measuring method, as a method for de-
termining the tensile strength of rock material [13]. As
tensile strength of rocks is only approximately one-tenth less
than its compressive strength, the deformation and failure
mode of rock mass mainly depend on its tensile charac-
teristics [14]. Research on the quasistatic or dynamic
splitting tensile tests of rocks is mainly conducted at room
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temperature or after heat treatment. These achievements
contribute to understanding the tensile strength and de-
formation properties of rocks under test conditions. How-
ever, studies on dynamic splitting tensile tests at real-time
high temperature are rarely reported [15, 16]. As rock mass
exists in a coupled high-temperature and dynamic-stress
environment, high geothermal condition and dynamic-
stress disturbance increase the possibility of engineering
hazards. Hence, studying the dynamic tensile strength of
rocks under coupled high temperature and high loading rate
can provide experimental references for the stability analysis
of surrounding rocks in blasting excavation process.

The results of several studies indicate that temperature
has a significant influence on the physical and mechanical
properties of rocks [17-19]. Much literature has recently
emerged and offers contradictory findings about the com-
pressive and tensile strengths of rocks after temperature
treatment. The action mechanism of temperature on the
internal structure of rocks has also been investigated. Studies
reveal that, in high-temperature situations, thermal cracking
occurs and leads to the deterioration of the properties of
rocks, such as porosity, Young’s modulus, and mechanical
strength [17]. By using MTS815 servo-controlled rock me-
chanics testing system, Chen et al. [17] conducted Brazilian
splitting tests for sandstone specimens, which were heated to
six kinds of temperatures ranging from 25°C to 1000°C and
then cooled down to room temperature naturally, to in-
vestigate the damage evolution caused by high temperature.
By varying temperatures and duration of thermal treatment,
Sirdesai et al. [16] performed indirect tensile test by using a
Brazilian cage. The tensile strength and the physical char-
acteristics of the rocks underwent a substantial and irre-
versible change upon heating. After heat treatment from
100°C to 600°C, Liang et al. [19] compared the physical
properties and longitudinal wave velocities of two cooling
ways, natural and water cooling. They also studied the
Brazilian splitting characteristics. The above experiments
were conducted under static or quasistatic load, and the
effects of temperature and rock type on static tensile strength
were investigated. However, strain rate effect was not
considered.

The deformation and failure of rocks under dynamic
loads, such as blasting load, are closely related to loading
rate, which shows a distinct strain rate effect [20, 21].
Spalling test based on Hopkinson bar apparatus is a method
for determining the tensile strength of concrete at high strain
rates. Klepaczko and Brara [22] conducted dynamic tensile
test for concrete, and the dynamic tensile strength was
determined by spalling caused by reflected tensile wave.
Using a Hopkinson bar apparatus, Schuler et al. [23] in-
vestigated the dynamic tensile and fracture energy of con-
crete at high strain rates by measuring the free surface
velocity at the end of the specimen. For the complexity of the
time and space of the transient loading in spalling tests, Erzar
and Forquin [24] put forward several advances to improve
the process of spalling tests. Given its simple test design and
operation process, the Brazilian splitting test in static state is
performed to measure the dynamic tensile strength in the
split Hopkinson pressure bar (SHPB) test [25, 26]. The
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Brazilian splitting test has become a handy and effective test
method for studies on dynamic tensile strength [27-29]. By
conducting dynamic Brazilian splitting tests for coal spec-
imens, Zhao et al. [30] discussed the influence of impact
velocity and stratification dip angle on dynamic tensile
strength, failure strain, and strain rate. Moreover, primary
analyses on dynamic splitting and surface strain field evo-
lution were conducted using high-speed camera and speckle
image correlation digital technique. Through the dynamic
Brazilian splitting test, Du et al. [31] investigated the in-
fluence of wetting-drying cycle and strain rate on the dy-
namic tensile strength of red sandstone and developed a
calculation formula for dynamic tensile strength. Wen et al.
[32] performed dynamic splitting tensile tests for sandstone
specimens in various moisture contents. Li et al. [33]
conducted high-strain-rate dynamic splitting tests for intact
granite specimens and prefabricated single-jointed granite
specimens with a height-to-diameter ratio of 0.5. However,
as all the experiments were conducted at room temperature,
the major problem of this kind of test is that temperature
effect is not considered.

In recent years, SHPB test with high temperature has
been attempted [34-36]. Using an SHPB test system, Yin
et al. [35] performed dynamic fracture tests on a cracked
straight-through Brazilian disc to investigate the dynamic
fracture toughness of granite after heat treatment at 25°C to
600°C. Liu et al. [36] conducted dynamic tensile tests for
marble Brazilian disc specimens after heat treatment at 25°C
to 1000°C. They also analyzed the influence of loading rate
and temperature on dynamic tensile strength and failure
modes by using an SHPB test system with large diameter.
Most studies on the effect of temperature on the dynamic
mechanical properties of rocks focus on the test conditions
after temperature treatment. However, only little attention
has been paid to the dynamic tensile characteristics of rocks
at real-time temperatures.

In this study, dynamic splitting tensile tests under six
striker velocities were conducted for sandstone specimens
under five kinds of real-time temperature conditions (25°C,
200°C, 400°C, 600°C, and 800°C) by using ¢50 mm SHPB test
apparatus and high-temperature environment box. And
dynamic tensile stress-strain curves were obtained based on
acquired incident wave, reflected wave, and transmitted
wave. Then, the influence of high temperature on dynamic
splitting tensile characteristics of sandstone was analyze
from dynamic tensile strength, dynamic radial strain, av-
erage strain rate, and failure modes. The strain rate effect of
high-temperature sandstone was also studied.

2. Methodology

2.1. Preparation of High-Temperature Sandstone Specimens.
Sandstone samples were obtained from the Panyidong coal
mine of Huainan Mining Group. Raw rock cores were
obtained by ZS-100 vertical drilling machine with drilling
direction perpendicular to the bedding plane. Then, DQ-4
cutting machine and SHM-200 double-end grinding ma-
chine were applied to process raw rock cores into disc
specimens with the size of $50 mm x 25 mm. Both ends of
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the sandstone specimens were flat within 0.02 mm, and
irregularities across the thickness of the disc specimen were
within 0.025 mm. To reduce the difference between the rock
structure and rock composition, tested sandstone specimens
were obtained from one rock sample and had similar lon-
gitudinal wave velocity.

As presented in Figure 1, box-type resistance furnace
with automatic temperature control system was used to heat
the sandstone specimens. Its heating part is composed of
silicon carbide, and its highest heating temperature is
1200°C.

According to Wang et al. [37], the time constant to
achieve a uniform temperature distribution state is r*/d,
where 7 is the radius of rock sample and d is the thermal
diftusivity d of the rock. In this study, the radius of sandstone
specimen was 25 mm (namely, 0.025m), and the thermal
diffusivity of sandstone ranged from 0.75x10°m?%/s to
1.27x10"®m?/s. Then, the time constant for temperature
equilibrium in sandstone specimens ranges from 492s
(8.2min) to 833.3s (about 13.9 min). Hence, the tempera-
ture gradients in sandstone specimens are modest during
heating. Sandstone specimens were heat treated at a rate of
10°C/min; then sandstone specimens were kept in the box-
type resistance furnace for 4 h to make the temperature effect
more sufficient.

2.2. Real-Time High-Temperature SHPB Test System. As il-
lustrated in Figure 2, real-time high-temperature SHPB test
system consists of a ¢50 mm variable cross-section SHPB
test apparatus and a high-temperature environment box.

All bars in the SHPB test apparatus are made of high-
strength alloy steel with a density of 7580 kg/m’, Young’s
modulus of 210GPa, and longitudinal wave velocity of
5190 m/s. The lengths of the striker, input bar, output bar,
and absorbing bar are 800, 2400, 1200, and 1000 mm, re-
spectively. The impact end of the input bar is a 200 mm
variable cross-section part with its diameter gradually
varying from 37 mm to 50 mm.

Figure 3 presents the acquired incident stress oy(t), re-
flected stress ogr(t), and transmitted stress o(t) for 800°C
sandstone specimen. To estimate stress equilibrium, the
stress at the end contacting with the input bar is also cal-
culated by ogy(¢) + ogr(?).

As presented in Figure 3, the stress-time histories at the
end contacting with input bar oy(f) + or(#) are basically
consistent with the end contacting with output bar o(%),
which denotes that the dynamic splitting tests results are
valid and reliable. Moreover, due to the variable cross-
section part in the front of the input bar, P-C oscillations
were eliminated, and the increasing time of incident stress
wave was retarded, which could prevent the premature
failure of rock-like materials and improve the stress uni-
formity in the specimen [38-40].

As shown in Figure 4, a high-temperature environment
box was designed and manufactured for the SHPB test
apparatus. The box can provide a high-temperature envi-
ronment ranging from room temperature to 1200°C. It can
compensate for the heat loss during the transfer and

FIGURE 1: Sandstone specimens heated using box-type resistance
furnace.

placement of high-temperature sandstone specimen and
maintain the temperature during dynamic splitting tensile
tests. The high-temperature box can also prevent the frag-
ments from flying out and ensure safety during dynamic
splitting tensile tests.

High-temperature environment box was equipped with
a temperature controller, which can monitor the tempera-
ture with a temperature sensor and heat the sandstone
specimen to the designed temperature. As shown in Figure 4,
the high-temperature environment box consists of two parts,
the upper and the lower parts. The lower part was set up on
the girder of the SHPB test apparatus and could slide along
the girder. Hinge and buckle were applied to connect and fix
these two parts. When the buckle was opened, the upper part
could be turned up, and high-temperature sandstone
specimens could be placed and removed.

2.3. Experimental Procedure of Dynamic Splitting Tensile Tests.
Experimental procedure of dynamic splitting tensile tests for
high-temperature environment box is shown as follows:

First, place the processed sandstone specimen into the
box-type resistance furnace to elevate the specimen to the
designed high temperature.

Second, heat the high-temperature environment box at
the designed high temperature.

Third, place the striker in a settled position in a
launching chamber, and set the air pressure to drive the
striker.

Fourth, take the sandstone specimen from the box-type
resistance furnace to the high-temperature environment box
and immediately place the sandstone between the input and
output bars, as illustrated in Figure 5. The axis of the
sandstone specimen should be coaxial with the input and
output bars.

Fifth, lock the high-temperature environment box and
immediately fill the gap between the bars and the box with
fire retardant cotton.
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FIGURE 2: Schematic of real-time high-temperature SHPB test system.
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FIGURE 3: Acquired stress-time histories in dynamic splitting
tensile tests (800°C, v=5.4m/s).
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FIGURE 4: High-temperature environment box for SHPB test
apparatus.

FIGURE 5: Placement of high-temperature sandstone specimen in
the dynamic splitting tensile test.

Sixth, maintain the high temperature for 5min to
compensate for the heat lost during transfer and placement.

Finally, launch the striker and load the dynamic stress
wave to the high-temperature sandstone specimen.

According to Xia et al. [41], the shape of the incident
wave is basically unchanged when it propagates through a
gradient temperature field. The uncorrected incident and
transmitted wave exhibit little difference from the amplitude
of the original wave at approximately 10%. To eliminate the
influence of high temperature on the acquired signals from
the input and output bars, three countermeasures were
adopted. First, the temperature of the high-temperature
environment box was quickly elevated to the designed value.
For example, the time for elevating to 800°C was not longer
than 15min. Second, the gap between the bars and the box
was filled with fire retardant cotton to avoid thermal radi-
ation. Third, a towel soaked in cold water was twisted around
the input and output bars near the high-temperature en-
vironment box to cool down and reduce heat conduction. In
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the dynamic splitting tensile test, the surface temperature on
both bars was cooled down to room temperature (25°C) at
320 mm away from the outlet of the high-temperature en-
vironment box. Hence, the strain gauges were mounted
400 mm away from the high-temperature environment box
to eliminate the high-temperature effect.

2.4. Basic Principle of Dynamic Splitting Tensile Tests.
During the dynamic splitting tensile test, the high-tem-
perature sandstone specimen was placed between the input
and output bars, as shown in Figure 6.

When launching, the striker impacts the input bar with a
certain velocity v; then an incident wave &(¢) is generated in
the input bar. When the incident wave propagates to the
contact interface with the high-temperature sandstone
specimen, some of incident waves reflect to the input bar,
while the other incident waves transmit into high-temper-
ature sandstone specimens. Reflection and transmission also
occur in the contact interface between the high-temperature
sandstone specimen and the output bar. The wave reflected
to the input bar is called reflected wave ex(t), and the wave
propagating into the output bar is called transmitted wave
er(t). Incident wave g(t), reflected wave eg(t), and trans-
mitted wave ep(t) can be collected by the strain gauges
mounted on the input and output bars.

According to the two basic assumptions of SHPB tests,
the dynamic force, dynamic radial strain, and strain rate of
high-temperature sandstone specimen can be calculated
using the following three wave methods [26]:

A
P(t) = ET [e7 (1) + e (1) + &7 (B)],

=" jf[el(n (1) - er (8], (1)

0

C
e(t) = B [51 (t) - €R (t) - ér (t)]’

where E and A are Young’s modulus and cross section of bar,
C is longitudinal wave velocity of bar, and D is diameter of
high-temperature sandstone specimen.

The issue on the validity of dynamic splitting tensile test
is whether the tensile crack is parallel to the loading direction
or not [42]. To validate the dynamic splitting tensile test,
Gomez et al. [43] performed photoelastic dynamic splitting
tensile tests. Photoelastic results show that the specimen
quickly reaches stress equilibrium and remains in stress
equilibrium until fracture occurs. Therefore, the assumption
of elastic behavior is reasonable for dynamic splitting tensile
test. Hence, the calculation formula in static splitting tensile
test can also be used for dynamic splitting tensile test. When
dynamic splitting failure occurs, the maximum dynamic
tensile stress is its dynamic tensile strength. According to
elastic mechanics, the dynamic tensile stress can be calcu-
lated using the following equation:

2P(t) EA

d
() ="t =
0 () nDH nDH

[ () + &g (1) + &7 (1)), (2)

where H is the height of disc specimen.

Input bar Specimen

Output bar

FIGURE 6: Principle of dynamic splitting tensile tests.

3. Result Analysis and Discussion

3.1. Dynamic Tensile Stress-Strain Curve. The typical dy-
namic tensile stress-strain curves of high-temperature
sandstone specimens at temperatures ranging from 25°C to
800°C are shown in Figure 7.

As illustrated in Figure 7, when the heating temperature
ranges from 25°C to 800°C, the dynamic tensile stress-strain
curves at various striker velocities are similar to one another
at the same temperature. In addition, the peak tensile stress
increases as the growth of striker velocity increases. When
the temperature is 25°C, the dynamic tensile stress-strain
curves gently increase before the peak points. When the
temperature is 200°C, the dynamic tensile stress-strain
curves exhibit a steep increase before the peak points, and a
relatively small peak radial strain is presented. Moreover, the
brittle failure characteristics of the sandstone at 200°C and
400°C are more evident than those at other temperatures.
When temperature rises from 200°C to 800°C, the peak radial
strain shows a right shift tendency, which indicates weak
brittleness. At 600°C and 800°C, the sandstone specimens
exhibit reduced brittleness and demonstrate slight ductility.
The peak radial strains at 800°C remain larger than those at
25°C.

3.2. Strain Rate Effect of High-Temperature Sandstone.
The variation of the strain rate of high-temperature sand-
stone specimens with striker velocity is shown in Figure 8.

As shown in Figure 8, the strain rate increases in a
quadratic polynomial function as striker velocity increases:

é:fv2+gv+h, (3)

where f, g, and h are fitting parameters and their values are
listed in Table 1.

The relation between the dynamic tensile strength and
average strain rate of high-temperature sandstone specimens
at 25°C to 800°C is presented in Figure 9.

As illustrated in Figure 9, the dynamic tensile strength
increases as the growth of average strain rate increases under
the same temperature. Hence, a distinct strain rate effect is
observed. The dynamic tensile strength-average strain rate
curve at 200°C and 400°C is higher than that at 25°C.
Therefore, a temperature strengthening effect is observed for
dynamic tensile strength. On the contrary, dynamic tensile
strength-average strain rate curve at 600°C and 800°C is
lower than that at 25°C. Hence, a temperature weakening
effect is found. An approximate power relation exists be-
tween dynamic tensile strength and average strain rate, and
the fitting formula is shown as follows:
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FIGURE 7: Dynamic tensile stress-strain curves of sandstone at various temperatures. (a) 25°C. (b) 200°C. (c) 400°C. (d) 600°C. (e) 800°C.
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As displayed in Figure 10, fitting parameter a decreases
as temperature increases, whereas fitting parameter b in-
creases as temperature increases. A quadratic polynomial
relation exists between fitting parameters a and b and
heating temperature. Therefore, the strain rate effect of
dynamic tensile strength is closely related to temperature.

3.3. Temperature Effect on the Dynamic Tensile Strength of
High-Temperature Sandstone. The variation of the dynamic
tensile strength of high-temperature sandstone specimens
with heating temperature is illustrated in Figure 11.

As displayed in Figure 11, the dynamic tensile strength
exhibits a decreasing tendency with the increase in heating
temperature under various striker velocities. When the
striker velocity is 2.3 m/s, the dynamic tensile strength at
800°C is approximately 12% less than that at 25°C. When the
striker velocity exceeds 2.3 m/s, the dynamic tensile strength
first increases and then decreases as the heating temperature
increases. The dynamic tensile strength at 200°C and 400°C is
greater than that at 25°C. Compared with the dynamic
tensile strength at 25°C, that at 200°C increases by ap-
proximately 28%, 32%, 52%, 38%, and 52% at striker ve-
locities of 3.9, 4.6, 5.4, 6.3, and 6.7 m/s, respectively. The
dynamic tensile strength at 600°C is basically equal to that at
25°C. However, the dynamic tensile strength at 800°C re-
duces by approximately 11%, 3%, 1%, 13%, and 7% at striker
velocities of 3.9, 4.6, 5.4, 6.3, and 6.7m/s, respectively.
Hence, the temperature strengthening effect is observed
from 200°C to 400°C, whereas the weakening effect is ob-
served from 600°C to 800°C. The minimum and maximum
temperatures of the dynamic tensile strength are 200°C and
800°C, respectively.

3.4. Temperature Effect on the Dynamic Radial Strain of High-
Temperature Sandstone. The variation of the peak dynamic
radial strain of the high-temperature sandstone specimens
with heating temperature is shown in Figure 12.

As displayed in Figure 12, the peak dynamic radial strain
exhibits a decreasing tendency as the heating temperature
increases at various striker velocities. When the striker
velocity is 2.3 m/s, the peak dynamic radial strain decreases
as the heating temperature increases:

€=-0.0011T% + 0.003 1T + 0.023 5, (R2 =0.993 o). (5)

However, when the striker velocity exceeds 2.3 m/s, the
peak dynamic radial strain first decreases and then increases
as the heating temperature increases. The peak dynamic
radial strain rapidly reduces when the temperature rises
from 25°C to 200°C. It reduced by 83%, 80%, 57%, 40%, and
18% at striker velocities of 3.9, 4.6, 5.4, 6.3, and 6.7 m/s,
respectively. Peak dynamic radial strain gradually increased
when the temperature rose from 200°C to 800°C, thereby
indicating a transition from brittleness to ductility. A
quadratic polynomial relation exists between peak dynamic
radial strain and temperature, which is expressed as follows:

£=cT” +dT +e(200°C < T <800°C), (6)
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where ¢, d, and e are the fitting parameters and their values
are listed in Table 3.

3.5. Temperature Effect on the Strain Rate of High-Tempera-
ture Sandstone. The variation of the average strain rate of
high-temperature sandstone specimens with heating tem-
perature is shown in Figure 13.

Figure 13 illustrates that the average strain rate first
decreases and then increases as heating temperature in-
creases and reaches its minimum value at 200°C. Moreover,
the average strain rate-temperature curves exhibit a shift
tendency as the striker velocity increases. When the striker
velocity is 2.3 m/s, the average strain rate at 25°C, 200°C,
400°C, 600°C, and 800°C is 219.1s™', 121.4s7', 190.4s7",
257.557", and 337.4s7", respectively. When the striker ve-
locity is 6.7 m/s, the average strain rate at 25°C, 200°C, 400°C,
600°C, and 800°C is 462.557', 4475, 463.3s7", 441.357,
and 459.9 s, respectively. The variation range of the average
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TaBLE 3: Fitting parameters for peak dynamic radial strain and temperature.

Striker velocity (m-s™") C d e Correlation coefficient (R?)
3.9 -1.6x107° 0.010 2 0.003 9 0.901 2
4.6 -12x107? 0.008 1 0.002 0 0912 0
5.4 6.0x107* 0.002 2 0.012 5 0.915 8
6.3 4.0%x107* 0.000 8 0.011 3 0.982 8
6.7 6.0x107° 0.000 2 0.018 1 0.965 0

500 of the two semicylinders, which lead to the high breakage

— . — degree and formation of small fragments.

400 — Y Under the same striker velocity, the breakage degree of

T two semicylinders varies as the heating temperature in-

£ 300 creases. When the striker velocity is 2.3 m/s, the sandstone

= specimens are split into two approximately complete sem-

s 200 L icylinders, and the temperature shows little influence on the

= splitting failure mode. However, when the striker velocity

=] o
& exceeds 2.3 m/s and the temperature ranges from 200°C to
100 |- o . .

800°C, the breakage degree of sandstone specimens increases

0 . . . . . . . . with the growth of heating temperature. The breakage de-

0 200 400 600 800 grees at 200°C and 400°C are less than that at 25°C, whereas

Temperature (°C)

—v— 5.4 m/s
—+— 6.3 m/s
—— 6.7 m/s

—— 2.3 m/s
—e— 39m/s
—— 4.6 m/s

FIGURe 13: Variation of average strain rate
temperature.

with heating

strain rate is approximately +48% at a striker velocity of
2.3 m/s and approximately +3% at a striker velocity of 6.7 m/
s. Therefore, temperature has a large effect on the average
strain rate at low striker velocity and a small effect on the
average strain rate at high striker velocity. Therefore, the
influence of temperature on average strain rate is weakened
as the striker velocity increases.

3.6. Failure Modes of High-Temperature Sandstone Specimens
in Dynamic Splitting Tensile Tests. Under the six kinds of
striker velocities, the failure modes of high-temperature
sandstone specimens at 25°C-800°C are presented in Table 4.
The left side of the sandstone specimen is in contact with the
input bar, whereas the right side is in contact with the output
bar.

As presented in Table 4, under six kinds of striker ve-
locities, the high-temperature sandstone specimens are split
into two roughly equal semicylinders along the radial
loading direction. Meanwhile, two local crushing zones
emerge in the sandstone specimens at the contact positions
with the input and output bars. Moreover, the local crushing
zone near the input bar is slightly larger than that near the
output bar.

At the same temperature, striker velocity influences the
failure modes. When the striker velocity is small, the
sandstone specimens are split into two approximately
complete semicylinders with very small local crushing zones.
As the striker velocity increases, the size of the local crushing
zone gradually increases. Additional fractures appear on one

those at 600°C and 800°C are higher than that at 25°C.

The dynamic splitting failure mode of high-temperature
sandstone specimens is relatively complex due to the cou-
pling effect of high temperature and impact load. Under
impact load, disordered microcracks in sandstones propa-
gate in an orderly manner, and those in the center of the
sandstone specimen initiate and grow quickly along the
loading direction. Subsequently, the main crack along the
radial direction is formed through the sandstone specimens.
As the striker velocity increases, the force applied on the
sandstone specimens sharply increases. Before the main
crack is formed through high-temperature sandstone
specimens, local crushing zones occur at its contact positions
with the input and output bars due to the greater com-
pressive stress than the compressive strength. Given that the
impact loading rate is considerably higher than the prop-
agation speed of the splitting crack, two semicylinders can
still contact with the input and output bars. Hence, con-
tinuous loading leads to compression crushing at the two
ends of the semicylinders.

When the temperature rises from 25°C to 200°C, the
water in the sandstone specimens evaporates, micropores
close, and the microstructure becomes dense due to thermal
expansion. When the temperature rises from 400°C to 800°C,
physical and chemical changes occur in the minerals in the
sandstone. The size of the micropores in the sandstone
specimens increases, and some cracks appear. As the heating
temperature increases, the damage in the sandstone in-
creases due to the growth and coalescence of internal
microcracks. Hence, the bearing capacity and tensile
strength are decreased, and brittleness is also weakened.

As presented in Table 4, the color of the sandstone
specimens changes at high temperature. At 25°C, the
sandstone specimens are gray. At 200°C and 400°C, the gray
color of the sandstone specimens is deeper than that at 25°C,
whereas at 600°C and 800°C, it turns gray white. The color of
the high-temperature sandstone specimens is the lightest at
800°C.
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4. Conclusions

To investigate the dynamic splitting tensile characteristics of
sandstones at actual high temperatures, dynamic splitting
tensile tests were conducted on sandstone specimens at different
actual high temperatures and loading rates by using SHPB
device and high-temperature environment box. The effects of
loading rate and high temperature on the dynamic stress-strain
curves, tensile strength, deformation, and failure mode were
also discussed. The major conclusions are as follows:

(1) Before the peak points, dynamic tensile stress-strain
curves gently increase at 25°C, when the heating
temperature is higher than 200°C. The brittleness of
sandstone specimens is enhanced at 200°C and 400°C,
but slight ductility is observed at 600°C and 800°C.

(2) Dynamic tensile strength increases in a power
function with average strain rate, and the strain rate
effect of dynamic tensile strength is closely related to
temperature. When the striker velocity exceeds
2.3 m/s, the dynamic radial strain first decreases and
then increases with the rising temperature. A qua-
dratic polynomial relation exists between dynamic
radial strain and heating temperature.

(3) The average strain rate first decreases and then in-
creases with the rising temperature. The temperature
effect on the average strain rate is strong at low
striker velocity and weak at high striker velocity.
Under the same temperature, the strain rate in-
creases in a quadratic polynomial function with the
growth of the striker velocity.

(4) In dynamic splitting tensile tests, high-temperature
sandstone specimens are split into two semicylinders
along the radial loading direction. Moreover, two
local crushing zones appear at the contact positions
with the input and output bars; the local crushing
zone near the input bar is slightly larger than that
near the output bar. The temperature effect on failure
mode is weak at low striker velocity and strong at
high striker velocity.

In this study, the dynamic tensile characteristics of rocks
at actual high temperatures are investigated using the SHPB
test device. This research provides references for the stability
analysis of surrounding rocks in the blasting excavation
process. Given the limited types of rock samples used, the
dissolution law of other types of rock will be studied in
future works.
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